ABSTRACT
microbes not only recruited from the vascular tissues of the plant, but also from the 30 flower. Flowers are known to be a hub for microbial transmission between plants and 31 insects. This floral-insect exchange opens the possibility for insect-transmitted bacteria 32 to colonize the ovule and subsequently the seed, and to pass then into the next plant 33 generation. In this study, we evaluated the contribution of insect pollination to the seed 34 microbiota through high-throughput sequencing. Oilseed rape (OSR) Brassica napus 35 flowers were exposed to visits and pollination by honey bees (Apis mellifera) or red 36 mason bees (Osmia bicornis), hand pollination, or autonomous self-pollination (ASP). 37 Sequence analyses revealed that honey bee visitation reduced the bacterial richness 38 and diversity, increased the variability in the seed microbial structure, and introduced 39 bee-associated taxa. In contrast, mason bee pollination had minor effects on the seed 40 microbiota. We highlight the need to consider insect pollination as an ecological 41 process involved in the transmission of bacteria from flower to seeds. , while their role in the microbial assembly of the seed has yet to be described. 75 During the seed-to-seed development cycle, some early microbial seed colonizers are 76 4 transmitted from the mother plant to the ovule through the vascular system (internal 77 transmission) while others colonize the ovule through the stigma (floral transmission). 78 Other microbes are subsequently incorporated to the seed via external transmission, 79 due to the contact with microorganisms present on fruits, flowers or threshing residues 80 (Maude, 1996) . Thus, the assembly of the seed microbiota is a complex process, 
RESULTS

114
The effect of bee pollination on OSR seed-associated microbial assemblages During the experiment, half of the inflorescences on each plant were uncovered and 132 exposed to bee pollination (seeds issued from this treatment will be referred to as BP According to rarefaction curves, most samples reached an asymptote at 12,000 144 sequences and were rarefied at this value (Supp. Figure S2 ). This analysis indicated Firmicutes were the dominant phyla in honey bee samples (Supp. Figure S3) Figure S3) . Nectar samples from 2017 were more 157 diverse than the ones from 2018, which were dominated by the genus Acinetobacter.
158
This taxa was also found in very high abundance in the seeds (see below).
159
In the case of microbial assemblages associated to seeds, the most common To assess the impact of bee pollination on the diversity of the seed microbiota, 216 different diversity indexes were calculated. As observed with richness, there was a 217 significant reduction in bacterial diversity due to honey bee pollination (Shannon and   218 Faith's PD phylogenetic diversity; p=0.003 and p<0.0001 respectively; Figure 2c-d) . 219 In this case, we observed a similar trend in the diversity of the microbial assemblages 220 associated to the seeds issued from mason bee pollination (Figure 2c) , where the 221 diversity calculated with the Shannon index was also reduced (p=0.001). Altogether, 222 these results suggest that bee pollination decreases the diversity of the microbial 223 assemblages associated with seeds. canonical analysis of principal coordinates (CAP) followed by PERMANOVA (Table 1) . 230 The bacterial composition differed between plant materials (seeds, nectar and pollen; (Figure 3c) . Moreover, these BP seed microbial assemblages 244 diverge from those of ASP seeds and are closer to those of pollen (Figure 3a) . pollen. Winter oilseed rape was chosen because it is a highly self-fertile plant that 414 produces nectar attractive to bees, and because a male sterile line was available. 415 Plants were watered two times a day with an automated water drip system.
416
In 2017, the pollinator exclusion experiment was only carried out using honey One tunnel was used to perform experiments using honey bees (Apis mellifera) 438 where we introduced a 5-frame hive (adult population ~5000). In the other tunnel, 100 439 male and 100 female cocoons of the red mason bee (Osmia bicornis) were introduced. Principal coordinate analysis (PCoA) was used for ordination of UniFrac distances. 
